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CHAPTER. I

INTRODUCTION
· The surgical oorrection of t>athology of the oral mu.ooaa

can be achieved in many ways.

The oho1ce of instrument mu.et be

left u.p to the d1aoret1on of the operator, and only it be 1a tu1•

ly oognizant of 1ta attributes, favorable and unfavorable, can h•
be fully Justified 1n his cho1oe.
. In recent 1eara 1JllJ>rovemonts have been made on the electro•

0:>11gulat1on unit utilized in surgery.

However, it fell into di••,

favor with many operators. because of the difficulty 1.n control\• ·
1ng the current and the extent of tissue d1struot1on wh1oh fol•
lowed after 1ta use.

The eleotrosu.rg1cal unit used today ia a

mu.oh improved unit over the early models.

Although the devise 1•

in use today, the literature does not reveal any comprehensive
study which would determine the relative value of such an 1nstN•
ment 1n surgery.

Little h1stolog1o material 1s found on heallag

following electro1urger7.

A review of the material reveals man1

studies relative to the histology or wouna healing following •urgery, by the us1 of the per1oaontal knife.
This 1nveat1gat1on was unt!ertakan on dogs to study and com-

pare tbe morpholog1o and ol1n1.oal changes wh1oh occur in the 1)er•

1o4oat1WIJ tollow1ng the uae of" the eleotroaurg1oal unit and ll'•r1

1odonta l kn1fe.

Gross and m1oroaootJ1C methoaa were employed to ,

evaluate the finding s.

CHAPTER rr
BEV!EW O? LITERATURE
I.

Intr ocS uct1 on

Numerous met hod s for the surg 1ea l oor reot
1on of invo lved
ora l mucosa and the method 1n whi ch 1t rep
airs has been rep ort• d
1n the lite ratu re b7 many inv esti gat ors .
A revi ew of the lite ratu re rev eals many h1s
tolo g1c stud 1•a
of the rep air of the ora l mucosa foll owi ng
sur gic al cor reo t1o n
with the per iod ont al kni fe. However, a revi
ew of the lite ratu re
shows only slig ht ••1d enc e of h1s tolo g1c
atud 1es foll owi ng e1e e...
tros urg ioa l oor reot 1on or ging 1v1 t11 util
izin g full y rect

1r1 ea

cur ren t.

The stu4 1ea wer e con duc ted foll owi ng eleo
troe oag ulat ion

pro oed urea 1n the trea tme nt ot per iod ont al
poc kets . 51noe •alu abl e info rma tion was col lect ed from thes e
stu die s, they wil l be
incl ude d in the lite ratu re revi ew.
The hiat olo g1o stud ies of hea ling foll owi
ng surg ery of ora l
tiss ues wer e aoo omp lish ed on human en.abjeo
ts whi le oth ers wer e
car ried out util izin g dogs., rab bits . and
rat s. Var1oua stud iee
wer e con duc ted on the clin ica l asp ects of
hea ling , wh1le oth ers
com bine a both the ol1n 1oa l and h1s tolo g1o
hea ling pha .aes .

Inv eat1 gato rs have eear ohe d fer sur gic al met
hods by wh1oh
path olog 1o per iod ont al t1a1 ues may be oor
reo ted , wh1oh the retu rn

or auoh t1asues to fMot1on wt th 11 ttle anatomic defcrm1 ty 1n

*·

shorteat t>OIUJ1ble time and to 'Pred1ot the poet-ol)erative result•.

I!.

Cl1n1oal and M1orosoop1o

~tudies Uttl1~1ng

the Soal'Pel

Orban and Archer (1945). devised and em"Ployed a ol1n1oal
ex-perim.ental method to obtain fundamental 1nformat1o:n of the df•
nam1oa 1n wouna healing following a g1ng1vectomy 1n humans ua1ng
the sealpel.
•~1thel1um

veet1gatecl.

The1r coml)lete hUatologic findings concern only tM

and oc:mneot1ve t1atue;

the osseous t1asue was not

1••

The study that at two days t'ollow1ng g1ngival reaeo•

t1on a blood clot bad formed over the wound.

At four days, th•

outer neorot1o layer of the elot separated from the rest ot the·
clot by a demarcation of leuoooytea.

Th• inner t1br1.n layer ot

the clot underwent organ1zat1on 1nto granulation t1ssae and t>&1l••
tration of cap11lar1ea and tibroblaats into the olot wa• seen.
The ef)1thel1um almost oovered the wound and organization of the
blood clot was almost coarplete by nine days.

Fourteen days after

the surgery, the ep1the11um was almost completely restored to
normal.

However, the inflammatory response was auoh that leueo•

07tes were found in the epithelium and 1.n the conneot1ve t1s•u•
1mmed1ately below.

Six weeks after g1.ng1veotomy, they re'Ported

1t was d1ff1ou1t to determine from a b1opay speo1men, that an 01>eration bad been performed.

'roto ant! .An-non1 (196.5). ref)orted 1n their 1nvest1gat1on en

the souro• of und1fterent1ated oella

or

the regenerate blaste

that the f lrst seventy-two hours following the aJJll)utat1on of t
forelimb of Triturus v1r1.descens viridesens is a ti.me of reaot1
to injury.

The inflammatory exudate and fibrin clot

local defense and a temporary sealing

or

the wound.

Bernier and Ka-plan (1947), conducted a study of the repair

ot g1ng1val tissue in humans after surgical resection and ut111·
zing a periodontal dressing J)ost-operat1vely for ten days.

Ther

rel)orted that the wound surface was covered by fairly well dev•l•
oped

strat~.f1ed

souamous E!'Pithelium.

There was attachment of the

orestal fibers to the alveolar bone. and a normal periodontal 11·
ga11ent was seen after six days.

Sixteen day specimens showed • •

ture ep1tbel1um with newly developed rete pegs and fibrous conneo
tive tissue that had beoome markedly oollagenous, -probably 'f!)artlJ
as e result of soar formation.

Tbese results, they felt,

1nd1oa~

ted that the use of' a paok on the exposed tis.sue surf'aoes after.,•,

surgical operation facilitated the healing process.
Workman (1947). upon removtng and studying blook seot1on•
of surgieally detached tissue from the maxilla and mandible 1.ll
humans, eoneluded that tour weeks post-operatively the relation•
ship between the tooth and r.>ertodontal ligament was restored to
1ts preoperative status.
Grant and rvano1e (1957),
re~laoement

~eterm1ned

t1aeue after ging1val

the differences in the

re~os1tion1ng o~eratlons

1n

fourteen human eubjeot•.

Their procedure consisted ot

the mandibular lab1.la vestibule and freeing the overlying muscle

The creeping

fibers and oonneot1ve tissue from the per1osteum.
baok

of

surgery.

the tissue was

oom~ensated

for by overextension of the

All oases were covered with heavy surgical l°)aok and at ....

lowed to heel.

The alveolar mucosa elastic fibers were

with oollagenous connective t11sue in eight months'

re~laaef

Furthermore,

they found that with &TJ1the11a1 ridge formation. kerat1n1zat1o n
and orientation of the mature collagen fiber bundles or this new
tissue was less differentiate d and considered to be funot1ona117
immature g1ng1va.
Klingberg and Butcher (1963), 1nvest1gated the ep1the11a1

fu.net1on 1n periodontal repair 1n rats by a oomparisons study ot
the healing sequences in three reproducible wound types with var1able epithelial and oonneetive tieaue involvement.
1ngs show that removal of the ep1the11um
t1o k'aryolys1s and per1osteal atro-phy.

~roduoes

Their f1n4-

rep1d f1broblat-

As ,_nd 1eated by tbs extent

of assoo1ated bone loss and the time required for healing, removal cf the epithelium oonstitutes as severe a periodontal insult

ae removal

or

the entire muooper1osteu m.

Wilderman {196,), oonductet! en

e~er1ment

to Frtudy h1sto1o-

gica11y the rel)a1r of the O'M!ll muoosa and the dentog1ng1va l ju110t1on 1n dogs.

A measured muoo-g1ng1va1

g1ng1va1 epithelium and a portion

or

fla~

oons1st1ng

o~

the

t'he um!erly1ng oonneettve

i
,.,".

7
t1saue ,.as ref'leo ted ana t;hen e:x:e1sed. The •'P1the11a1 a1'tech mqt
and a portion of the g1ng1v al fibers attache d to the tooth were
i1o exposu re of bone was eviden t and the wound

wa•

covered 'by a layer of connec tive tissue of var:1.ed thiekn esa.

H•

e110 removed..

found that oateoo lastio act1 vi ty began 1n the ores tel area 1mm•1.1 ..
ately and. reaohed a peak betwee.n the four• 1in1d six Clay post-op en'••:
" •'

r:~<

•''/

'

:rn contra st to the cresta l aPea • the osteoo last.1• .·~
activi ty 1n an area below the oreste l area that was notohed dut-Utg
tive period s.

twenty-e1g~'

the experim ental proced ure• oont1nued to be presen t

1

.·

He furthe r found that ep1 the11a l migratj;tll,
from the wound edges began early and comple tely covered the wo~
1n ten days. Young conneo t1ve tissues or1g1nf ;ted and -pro11rerais-.1

days post-o perat1 vely.

.

These sites mt ·

from the tissues at the a1tes ot bone resorp tion.
noted as being the ~er1odontal 11~ament, the marrow
e1an oan•l• , vestib ular

~er1odteum

s~aoes,

Rav•P..

and exposed oonnec t1ve t1s1u• ••

The greate st bone format ion was reporte d ae oocurr1n~ 1n the or•••
tel area betwee n fourtee n and twenty -one days poat-o perat1 vel7 •

.!!I.

Clin1e el and M1oroso0l'10 studie s Ut111z1ng tbe Fleotr osurgery Unit
Crban {1944) , conduc ted • .,veral stu'51e s on wound healing

or

period ontal pooket s follow ing ersd1o at1on with eleotro ooagul ation.
He utilize d human seet1on s of coagul ated g1ng1v a Which were rEu110•e.d every two days tor two weeks. He rel)orte d ol1n1o a11y, that ~he

Mt-

t1s8ues turned whtte and dry as a result of the coagulatio n.

croacol)1c ell7, neoros1s exten(ted dtt•l" 1.nto the connectiv e tissue.
The neo:rot1o surface layers began to separate from the tuaderly1 q

tissues twenty ... four hours after

ooa~ulat1on.

Tn about eight to

ten days after eleotrooo agulat1on . the wound surfaoe became confol .
1dated.

The ei>itbelium m1g:rated over the formally expoiaed con.nee•

t1ve t11un.ie.

In ten tc twelve days the wound 1:n1rfaoe showed •1PI

of further oonaol1da t1on.

The outer appearanc e of the g1ngiva

may ind1oate complete healing. but 1n the deeper t1saues change•
were still in process which of oouree, will have g.reet 1mt>orta:ao•

1n final healing

or

tbe diseased g1n.g1va.

!f

trat•• too deeply 1nto the tissues, neoros1s
can occu,r., thue causing the formation

or

the current l>•!l••

or

the alveolar

tUti;,uestra .

~one

Tn suob oaa•

the final heal1og is iDUGh delayed.
Willman (1938). e1eotrosu rg1cally treat•a periodont al d1•• '
ease in huaans and concluded that only, small amounts of' t1.asue _.
be removed at one a1tt1ng. Clinically he obaerved tbat 1f 4eep

i>ookets are removed much pain sloughing and slow heal1ngs oocur.
Cgu1 (1941), conducted an erper1men t ut~.11~1na; the electrto
needle followed by eleotroooa gulat1on 1.n the era::Uoatio n of J)er1odcntel pockets.. A. human male s-peo1men was used who b«ild 't'lyorrea

tr.volvement of all teeth w1th f'our mandibula r 1no1sors 'P8rt1cula rly involved by acute

1nf'e~t1on.

'!'be sterile blood olot waa

ly controlled and nerve endings were tl!atroyed .

~our

en"~lht

mol'}tbs 11rtei-

.;'

·:~:,

treatm ent, a blook
01se~

or

tissue was

~emoved oonta1~1ng

the tour 1n• .

The 1.nYes t1gat1. on showed that the 11urfsoe tt-p1.t h811•

teeth .

was somewhat hypert >lest'l .c w1 th bT'oadened and elon4!a'bed f"•te ~~··

There 1s a mode!'ate 1n'f"1 llertio n

or

T)laema cells below the ep1th e.

11ur1.
sa~h1r!an
ti~ume

t?'t.mme

(1952 ), stated that althou gh the d1ffer enoea in

~1etrlg

the out edig•• 1n eleetr oaect ton w1 tb

ot>agu lat1on eo!D1'ared with that

\ta

e,,ar••

soall) el 1ttots1 on 1• negl1 g1bl• 1

1t •hould be note!! that •1.CSe d1verg enoea 1n the oourae of hea11118
or tbe two ty,,es ot wounds exist s. Healin g of eleotr oaurg 1cal
wound:]

rro~

the 'h,.eto logio 'f'}01nt of vlf'tl ta reta'rd ed even when \be .

ooagu lat!on zone 11 nsrrow .
!eube (19.S:H,

te@'es

or

1n bis book tbat som• ot t'he 41sad ft1'·•

re~oroted

eleetr oeurg e.,,,

!ll"8

aer1ou a.

!f

bone ia contac ted with

the live eleet't" 'ode, \t would aa\lee necroe 1a of the bODe an4 w1tll
it oomf!l.1cat1ona 1nolu4 t.ng sev•u·e t>S1m.
5t%"'ock (1952 ), stated that from a praot1 eal -po1nt

or

v1•••

the 111gh tly retaY:-ded healin g hi some tissue s canno t be cons1 de"4

an it»l'or tant deteri ent faoto r in tha ohoioe of the
1nst1n .uaent for oral surgic al proce dures .

Ellis (19Jl ),

re~orted

elcctroeu~g1081'

,,

on the rgte or healin g or eleotr osur-

wound1 at expres sed by tensil e streng th. P.e stated that
only eixty per cent of the eleot! "1Cal ly p?"oduoed wounds s'howea
t>r1u:r;r Wll.on in com-par1son w1th 95.5% of pt"1tri aryun1 oa ,n the

gi~al

on~

..---- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----... ..p'

10

wound. whiob 1nd1oa tes the tut111 ty or erpeot tnc
mary akln healing 1n a fair' percenta~e or elect:r toal wounds.

trol

so~l~•l

~~1·

When union d1.d oocur, tbe wound was somewhat weaker than 1n
corresp onding scalpe l wounds, and in th6 oas~ of tissue dehydr a-

tion did not attatt'J e •treng th e-:;ual to tbe soalpe l wound 1n tweat1-one ·days. This observ atlon does oot a:-rgue a.ga1ma t tha eml)1or•

ment of' the eleotro aurgic al knife ror making surg1oa1 1no1s1ans
when olear out 1nd1o$ t1ons fO!' 1ts use 1'1"'611aent themse lves. Th11.
method oa.nnot be oons1<hltr&d es a ~raot1oal substi tute tor tbe ttd1·
pel for routine u•e.
Gl1.ckman (1964) , etetes an advant age of' the eleotro surger J

tn tbat simulta neous cutting , ooagulat1.ons and ster111:i:atto1:1 re ...
duce the l1k11bo o4 or t>oet-o -perat1 ve tnrect1 on and rao111 tate ~,
eT"at1ng by l)rov1d1ng a oom-p$r!t!vely btoodl ess f1e1d.
~be a1sadv antage of the elect~osur~ery 1• tbst extrem e cape
must be exo19rntse.d to

~vo1~ ~o~t~ct

w1 t'h tbe bone..

This can ren11 .·

in bone neoros1 a ana se0ues trret1o n. U'9e of exoess !ve eur-t>&nt
lead to \)a1nf\11 delayed heal in~ or sort t1.ssueu.~.

!Mr·

fli.ATEB!ALS AND METHODS

This lnvest1gat 1on was oarr1ed out on rour adult mongrel
dogs, not less tban two years old, w1tb fully erupted permanent
teeth. The do.gs were ma1nta1ned on a d1et of' Psrd* dog food sup..
plemented b7 mult1-v1tam1ns: and fresh horse meat.
Two different procedure s for surgical reseet1on of the g1ng1 va were performed 1n two bilateral segments of the maxilla and
mandible.
Surgery was done tdth a soal-pel and an electrosur g1oal unit.
The terms soel-pel and periodont al kn1fe are used 1nteroban geably.

The surgery was performed under general anesthesi a adm1n1ste red
1ntraveno ualy, ut111z1ng one oo. ot pentobarb 1tel sod1um, 25 mg/
oo. solution per kilogram

or

animal we1ght.

The e1eotron1o 1.natrument used was built with ..,ower-vaouum-

tube generator s and mercury va..,or reot1fy1ng tubes. ! t was designed to deliver filtered, fully reot1f1ed current of undamped
wave form.•• The ourrent was a u.n1formly even, oont1nous J)attem
of current flow, and was free from -pulsating peaks of' heat. The

* Pard, Armour & co.
** Cameron - M1ller 26-255
11

12

contro ls of the eleotr osurg ical

un~t

were set at four, which was

found to be the most suitab le settin g for cuttin g attach ed g1ng1 val tissue . The ground was attach ed to the left forele g and main
ta1ned in oontao t by means of an eleotr o paste .
The 1n1.t1 al ste'P was to notoh the crown of eaoh tooth at th
level of the free gingiv al margin w1th a diamond stone . The note
was used as a fixed clinic al refere nce point in determ ining the
pre-o perati ve level of' the free gingiv al margin on the prepar ed
h1stol og1o slides (Plate I, Fig. 1).
G1ng1 val reseot 1ons were perfor med on the margi nal and pa~1llary g1ng1v a on the vestib ular surfac e. Flectr osurg ery and
scalpe l surger y was oarr1e d out simul taneou sly on bilate ral oper.
ative sites. Eaoh area of resec tion 1nolud ed a minimum of four
teeth .

The reseat ed sites were:
Bight ·and left, t>Oste r1or max1l lary segme nt
b) Right and left, -poste rior mandi bular segme nt
o) F:1ght and left, mandi bular and maxil lary enter -

a)

1or segme nts
Prgoedyr~

the rtght side

"!'

J. '

or

consis ted of a routin e gingiv al resec tion on
the jaw.

Using tier1o donte1 kn1ve s. an 1no1s1 on

was made extend ing from the bottom of the sulcus to a point coronal to the muoo- g1ng1v al juncti on. This permi tted the remov al
of all vestib ular free g1ng1v.9 end a 'f"Crtio n of the attach ed g1n-

gtva.

Care was taken not to physi cally alter the oonne et1ve tis-

sue attacbment
?;:QQl~Yr•

by

eutt1ng too deeply.

II,

constate~

of a g1ng!val reseot1cn on the

side ot the Jaw w1th tbe uae of the elaotroaurg1cel unit.
teohn1que required delicate

~os1t1on1ng

r1ght angles to the tissue surraoe.

or

the tnstrument held at

Tl'le loot> waa moved 1n a

brushing motion and was not allowed to besttate ana
muoh heat 1n an7 one area.

Tbe

d1ss1~~te

too

The 1nc1sion esteftded trom the bottom

of' the suloua to a 'f)o1nt ooronal to the muoo-g1r111val jW'lotton.

Great oare waa taken to avoid d•e'P volt.tme penetration of beat aa4
conaepuent

1nvolve~ent

of the oonnect1ve tissue attachment and

creatal alveolar bone (Plata II. ?1g. )).
All wou:naa were allowed to heal witbout a dressing following

all of the surgical procedures.

s1x hundred thousand un1ts of'

pen1cill1n was adm1n1stered 1ntramuaoularly immediately tollow1111

eaoh aurgloal

~rocedure.

This dally dosage was continued tor two

add1t1ona1 daya post-ott•rat1vely.
The d1et ror the an1mala, during tbe erper1.IJEUtta1 -period
consisted or m1llt and eggs the r1rat day post-operativelyJ

milk•

so:f'tened 'P'ard and eggs tbe next two days f)ost-operati vely s m1lk•

sortenea Pard the rema1nder or the time.
Kodaoh:rome cltnioal·T>hotogral'hS were taken

or

tbe eX'!'arimen-

tal areas at var1oua t1mes to record c11n1oal 1nrprems1.ona.

Specimens were obtained at the tol1ow1ng
tervalst

post-o~erat1ve

1&•

14
Control

14 Days

Zero Hour

18 Days

24 Hours

22 Days

48 Hours

28 Days

4 Days

57 Days

8 Days

98 Days

The maxillae and mandibles were immediate ly removed, washed
in clear water, immersed, and allowed to remain in ten per oent
formalin solution for a two week period.
Control specimens were taken from unoperated areas of one
animal.
H1stolog1 o speoimens were obtained by the following method:
Fixation
Deoalo1f1 oat1on - fifteen times the usual volume of
S% aqueous n1tr1o acid ablution
observed every two days until
completely deoalcif1 ed.
The specimens were washed 1n running water for twenty-fo ur
hours.

They were then neutralize d in 10% formalin solution to

which an excess oalo1um or magnesium oarbonate had been added,
aga1n washed in water for twenty-fo ur to forty-e1g ht hours.

Dehydratio n -

aloohol

(twenty-fo ur hours)

95% aloohol

(twenty-fo ur hours)

100% alcohol

(twenty-fo ur hours)

Ether-alco hol - half and half

(twenty-fo ur hours)

75~
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Embedding - oello1den
Thin - one week
Medium - one week
Thick - one week
Sectioning - serially - oral - vestibular seot1ons at ten microns.
Staining - hemotoxy11n - eos1n
For ease or organization of the findings, the specimens
the affected area was divided into three zones:
supraorestal zone, and alveolar zone.

or

g1ng1val zone,

CHA'.PTF!:) 'l'V

A. MA.Cncsccprc P!l\lU!NOS
A routine g1ng1ve l reseot1o n was performe d 1n two "USdran ta
on the left atde or the jaw or the ~og, using the electros urg1oa1
unit. A s!m1lar ~rooedure was carried out on the r1ght stde ot
the Jaw ut11121n g the eoalpel .
l•r surface

crest of

or

all tbe

o~erated

~rev1ously o~erated

A notoh was maae on the vesti'bu teeth at a level even w1th the

g1ng1va1

(Plate T, F1g. 1).

pa~illa

The extent or the wouna was from the e-p1the11al attachm ent to a
Care waa taken not
~o1nt coronal to the muoog1ng1val junction .
Th• woW'll\'t waa allow••

to involve the conneot1 ve t1aaue attachm ent.

et5 to go Wldress ed. and no sutures were taken (Plate TT, Ftg. 2,3
At zero hour the extent of the hor1t:on ta1 wound areas were
a,m1lar , however, the1r appearan ces varied.

The eleotros urger7

WOW'1d was wh1t1ah -grey 1n color, w1th sparoe areas ot rea. The
scalpel wound showed extensiv e bleeding (Plate T!. Fig. 2).
With1n rourteen aays t>oat-op erative ttme, the
wound surface was

t'U'

te hy-perf'\l amttc and

when oonrpared to the aoalpel
s~eolmena

woun~

at n1net1- etght days

the wound region wb1ob was

~d ~t

(Plate T!!,

~resented

-~~arently

eleot~oeurgery

margina l g1ng1va
~1g.

a olin1oe l

a1m11ar. but

4,5).

The

~1cture

ot

~1trered

in

!n tbe eleotroa urg1oal l7 OJ')9rated aog tbe g1ng1va
mucosa was t>oorly contour ed, two to three n. short or the notob,
16

some ret1t>9ots.

17
and lacked p1gmentat 1on.

~he

scalpel operated dog showed a smootl

ging1val mucosa one mm. short of the notch and was p1gmentat ed
(Plate IV, Fig 6,7).
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B.

l.

2.

M!CROSCOP!C F!ND!NGS O? ELECTROSUROERY

In1t1al Stage of
a.

Wound Surface

b.

Inflamm ation

0-48 Hours

Stage ot 'Prolife ration and Organiz ation

a.

Infl.ammat1on

b.

Ep1thel 1al
aa.

J.

~eaction

~ro11ferat1on

E~1the11al

Bridging

c.

Co:nneot1ve Tissue 'Prol1fe rat1on

d.

Osseous Tissue
aa.

Csteoola a1s

bb.

oateogen ea1s

Stage of Maturat1 on
a.

22 :)aya-98 Da711

Epithel ial Maturat ion
aa.

Kerattn1 zat1on

b.

Conneot ive Tissue Maturati on

e.

osseous Reconat ruot1on

48

Ho~ra-22

Da1a
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MTCBOSCOPIC F!.ND!NOS OF ELECTBOSURGER.Y

1.

Tn1 t1al Stag e of nese t1on
a.

0-48 Hours

Wound Surf ace

d~'!"7 1nte nAt .zer o hou r, foll owi ng eleo tros urg ery, a G$Con
1n1ng e-p1the11al atta chm ent to a
t1~n wound exte nded from the t'ema
pen etra ted to the
po1 nt coro nal to the mucog1ng1val junc tion end
jaee nt to the form er
conn eot1 .ve t1ss ue 1n a regi on 1mrned1.ately sub
8). The surt aoe of'
eu'"ea of' the base men t metrfb~ne (Pla t.e v, ?tg .
a 'g')roduoec:! by
the wound was oomi>at!.ble w1th oosgulatS.on neo roai
by tbe traUm!lt1o
the outt 1ng oft' Of tbe bloo d SU'pt>lY tl1r eotl y
feat ures or the
effe cts or the bea t. The gen eral al"C h1te ctur al
rill ar det ail
tiss ues were -pre eerv eo, altb oug h cell ula r and fib
1u•ea were ama ll
was los t. Spac ed thro ugh out tbe woun~ aurf 'aoe
h made 1t a1tf 1amount• or t1br 1n or of f1br 1no id mst er1a l whic
llul ar elem ent• .
oul t to d1st 1ng u1sh between cell ula r and extr ace
to the neIn the eonn eot1 ve tiss ue 1mmed1ate1y sub jace nt
sels , wh1bh were
cro tic surf ace were e few d1la ted sma ll blood ves
were eith er swolle~.
surr oun ded by edema. ~he nucl e1 or th~ eell s
or ~yknoa1s.
and showed ecoe ntr1 c a1a~l•cement or chro mat in,

er
of the ther mal ly inju red f1br ooy tes at'P eare a eith
age n bW'Jdles tend •
gran ular or homogeneouslr coa gula ted. The coll
on the a\')pearanoe
ed to loos e the ir t1br 11la r cha ract er ana took

The

oyto~lasm
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of a dense and more or less homogeneous gel.
The injury decroa aed 1n 1ntena 1ty and was progre sa1ve l7

less aa the distan ce trom the wound aurrao e was 1nore esed.
b.

Intlaru tat1on

At zero hour, only a few t>ol;vmol"l)honuolear leuoo oytea , maaropha1 ea and histoo ytea were observ ed in the conne ctive tissue
At twent y-four hours , a parti al resolu tion or
the ooegu lat1on neoroa 1s ln the wound area was aeen. The wound
su.rfao e was 'f)art1 ally covere d with a thin ttbrin layer 1ntc wb1cb

benea th the wound.

was enmeshed i>olymol"l)honuclear leuco oytes.
The f1br1n oua exuda te oona1 ated large ly of' eoa1n -sta1n ing
f1br1n thread s which at f1rat were separa ted but by twenty ...four
to be conden sed 1n a c()ll'pact mass thirty to r1tt1
cell layers in depth , and extend ed into the oonne otive tiasue as
long f1nger ed projee t1on (Plate V!, Fig. 9).
Stage of Pro11 rerat1 on and Organ 1ut1o n 48 Houra -22 Days
2.

hours

a-p~ared

a.

:rnrlan unatio n

At forty- eight hours , the f1br1n ous olot wbiob was 1'reae nt
at twent y-four hours , had not ~erststed on the surf'ao e. An acute
!nflaa mato1 7 rea~onse, 1n the conne ot1ve tissue 1mmed1ately below
the wound, •as at it.a great est observ ed 1nten 11ty. A large in•
flux of ~olyeorphonuolear leuoo cytes ••re observ ed 1n the dee~er
ti.aau es, and could be follow ed throug h the s-paoes toward the
wound aurtac e (Plate VI!, Fig. 10).

rn the connec tive ttssue , 1mmed 1etely below the wound,
lated oapilla r1es were conges ted W1 th blood elemen ts.
portion of the vessel s were f111ed w1th large number s
blood cells, while the periph ery showed

marg~.nagion

ft._

The cent.tlio

or

rad

end m1grat 1oa

of' polymo !1'honu elesr leuooo ytes through the vessel walls.

The

conneo t1ve t!seue edjeoe nt to the ca-p111aT'1es was genera lly ede....
matous and contain ed many extrav essted ~olymorphonuclear leucoo ytes, f1br1n thread s and other blood elemen ts.

Plaoed along the

capill aries, in the .mHlst of tbe inflamm atory react ton, were his•
tooytea wh1oh had assumed a rounded appear ance.
Also at this time an extens ive acute 1nflem matory reactio n
was seen in the oorona l third or the period ontal ligame nt s~aoe
and eonneo t1ve t1ssue above the alveol ar crest. Large number s ot
polymo rr>honu olear leuoooy tem were conges ted in small areas and
appeare d as m1oro absces ses, in wh1oh there was a eoml)le te rooal
neoroe 1s.

There was also an intense 1euooc yt1c aet1v1 ty :tn the

marrow spaoes .

Jn the oormeo tive tissue adjace nt to the veetib u·

lar bone very few inflamm atory cells were seen (Plate VITT, Fig.
11).

At four days the inflamm atory respon se still domina ted the
pictur e, but was less severe than that seen at forty-e ight hours.
Genera lly 1.t was limited to the g1ng1v al zone. rn the deeper
layers t the oap1.ll ertes were rather thin and small, but as the:y
approac hed the g1ng1v a they increas ed in number , showed swollen
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tille d w1tl1 polymo?'1)bonucle•r leuo ooyt ea.
oona1.
Between eigh t and twen ty-tw o days . th• acut e 1nflammatory
seen
tlon had abat ed. However, -pol7J1torl)honuclear leuco oyte e were
e was
m1grat1ng throu gh the 81:)1tbeliwa toward tbe eurta oe. Ther
va
evide nce of ~lasaa oell s seen scat tered tbrou ghou t the gtng1
chro nic
and ~ort1ona ot the supr aore atel zone , obar a4te r1st1 c of

>?Jndothelium, and

••~

1nr1ammatton.
Et;>1tbel1al Prol 1tera t1on
At f'ort1 -e1g ht hour s, the stee or the wound surfa ce deoreaa~
due
sligh tly from t'hat wb1ch exis ted at zero hour . Tb1s was
epit heli al ~ro11ferat1oa. The 81'1t he11 al cell • at the peri
b.

ea
to

the
pher y of tbe wound were enlar ged and elon gate d. Th•r gave
d. The oyto pla••
3l't>e aranc e tbat they m1ght atret ch 1nto tbe woun
••
tta1:nea a 'Pill• blue with hemotoXJlin a:nd eoss.n. The nuol1 us

have
quit e •ta8l l and dark and ocoa a1on ally the oella appeared to
the
two nuol e1. However, no a1)tHlrent aot1 v1t1 wa• obeerved b1
cell • in an effo rt to br14g& tbe wound at th!• ttme .
on tbe
At four aa1s , a temp orary seali ng olot waa •T>'Pfu•ent

oe
wouna eurfa oe. 't"he •xte nt of t'he olot oov... r1ng tbe wound aurf'a
d aurwas smal ler when oGmi)aNl>d to tbe etc• ot the neor ot1o woUl'l
g
faoe at fol"t y-eig ht hou:r e. Aot1 v1ty of the ep1tb el1um durin
1mm1nth1a 1)er1oa in~toated that b!"1.dg1ng of the wound area wae
the
A 'Q?"Ojeot1on of' e-p1t hel1a l oel'! s chowed l)01n t1ng f!"om
the woun4
per1p 'he'!7 into the WO'J?:'ld, the~by redu cing the .size ot

ent.
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The fusefor>ta ahape of' the oalls .and &paces between them.

surface.

cr13r-aeter1sticall)', 1nd1oate,d that tl'h:rre had bi:ien oonsidttnble
~1erator7

aot1v1t1 of the loose epitbelium.

The migrating •Pi•

thel1al oella tipPeared to be 1n oloae \)rox1mlty and 111gbtl1

above the oondenaea

~ort1on

ot the ex1at1113 f 1br1n olot. (Plate

IX, F1g. l2t13)
ea.

Et>1tbel1al Bridging

BJ eight days the migrating
side of tbe wot.md had Joined•

1intd

efJitbel!al oell• trom either

bridged over the wound detect.

'l'he b1•1dg4d surface was one and in eome areas two cell layers
H:ydro1)1o degeneration o'f tbe cells was

thick.

se~Hl

1n r,tOrt1oD•

Th1s lag in epithelial

or the U"PPer strata of the ep1the11um.

proliferation showed a large arch1teotul"'al detect 1n the aurtaoe.
Ev1dence ot m1tos1s was seen in tbe baa.al and pr1okle oell layers
of' the pre-ex1at1ng epithelium (:Plate

x,

P1g. 14.lS).

Between fourteen and e1gbteen diays. a qwant1tat1ve ino:rea•e
in the ep1tbel1WI was seen.

As further re-pair had taken -pl.eoe 1

complete br14g1cg of all the cell layers waa ae•u with a correapond1ng 1noreaae

1n

the th1olntesa of the e'J')1the11um.

There waa

no evidence ot pigment granules 1n the baeal la7er 6ur1ng th1s
pe,1od.

e.

Conneot1ve T1asue Pro11f'erat1on

At ro:rty-e1ght hours the f1br1n clot had been lost.

wound aurtace wae covered with e very th1n la1er

or

The

neorot1c de-
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bris.

In the conne ctive tissue subjec ent to the

wo~nd

a heavy

influx of polym orphon uolear leucoo ytes was seen '·n a profou nd

inflam mator y reacti on.
In the supra cresta l zone. portio ns of the oonne otive t1sauo
were suppo rat1ve and heavi ly conge sted with polym orphon uolear
leucoc ytee and plasma cells . oom~atible to mioro absce sses. The
fibers of the oonne cttve tissue attach ment were dettao hed from
the root surfac e. They appea red swolle n and had lost their f1br11l ar ohara oter.

The inflam mator y reacti on extend ed into the

period ontal ligam ent to the juncti on of the coron al th1rd and
middle third of the root (Plate V!T!, F1g. 11).

:rn four days, a "Parti al resolu tion of the neoro tio surfac e
tissue was seen and was re~laced by the ,.,rodu ots of inflam matio n.
In the gingiv al zone of the wound a matrix of eos1n -sta1n :tng f'1br1n thread s were observ ed lying 1n variou s d1reo tions in the
edema tous

s~aces

morph onuole ar
the

s~aces

betwee n the collag en fibers .

leuoooytes~and

An influx of poly-

red blood oells were also seen 1.n

as well as oooas 1onal macro phages .

At this time the

first ev1den oe of organ izatio n of the oonne ot1ve tissue was seen.
Elong ated fuse form endot helial oelle and monon uclear oells ,
which appea red long w1th a relati vely large oytopl asm and pale
staini ng nuole 1, proba bly young f1bro blasts were seen at the
periph ery of the fibr1n olot.

These oells appea red to penet rate

the tempo rary seal from the under lying conne ot!ve t1eou e.

Red

...
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blood cells and -polymorphcnuole:::..:- lauooc:1 ts$ could be seen w1th1n.
ths lu::ne.n ot these f1ne, newly f'o!"I1t3d oap11la!'1~s. Au.Jaoe.ut to
the bu·dtU.ng cap1llar 1ea. the f1'brobls .uat-l1ke oelle abowed ev1dt1UlOt

With tbs peraista noe of the m1tot1o aot1v1t1 ot
these ao1ls, aan:y new t1bers bad developed 1n the t1br1n olot.
The t1saue aot1v1t1 or the area waa obareot ertat10 ot new gtet.a;u,.
oi m1tos1a.

latton t1asae.

!n

th$

tal acne the

oonnectlv!!t tissue attaome nt eree ot the oupraor ea.
~1r

pbenOMnon had advanced to a gr$8ter extont

t.han 1n the g1ngl val zone.

Cellula r mob111a ation had ocourea 111

the loose oo.ncect1Y• tissue attjaoen t to the bloo4 ve1uutls. m.aaerous fOW'li tibrobla eta anc.'l large oubo1dal 11ha-pe« cells l)rOlita r-

were 1n c<mtaot With tbe root aartaoe . The•e
tbe1 a-p~red to produce
cells were probably oemento blaats,
the ce•nto! d tissue wh1ob a~red on the root aurtaoe , New

ated along

ad

a•

collagen oua t1berc, although d1sor1entfld, ha4 1)ro11tarate'2 1nto
7oung oormoct tve t1asue (P1ate X?, ?1g. 16).
!:n the oNatal area ot the alveolJl r zone, cellula r llO'b1l1•
:at1on 1n the loose con?1ect1ve t1am.ie was spparen t aroi:md the
blood vessela , but to a leaaer degNe tban in the eupraor eatal

At eight days, 1n the g1ng1va l zone, on11 treoea ot tbe
ttbrtn clot could 'be 1"'$CogD1 aed Oll the surface or the •t>1thel1wa.
organ1a at1on

ot the

t1~r1noua

clot • • J>r&Ct1 callr 0011rpltt• sn4

I

only m1nu\e aaount a of tbe fibrtn th?"e$es rttllain ea. Tbe edema
was greatly reduced as 1nd1cated by numeroue 1oq tib:rtoblaet1,
1nereased oollagefl t!.'ber tormat 1oa. and more no:rma1 a1xe or the
oaY>111ariet. The tissue wes ohareo ter1•t1 o of orpn1~1ng granulation tlasue {Plate A"!!, ~tg. 17).
In the oorm11ot1ve tissue attaehm tmt area or the sll\)raoreate
zone, the oomtee ttve tiseue wa.s or • MO?'f> mature quality than 111
Man1 tl'brob lasts were seen along with tbe
format ion ot oollage noua f1bet"8. SO'lle or the f1'be~a we:r-e aoqUiP..
ing a wavey pattern in det1n1 te largs bundl• format ions. Ctllia-

the g1ng1val zone.

lar mo'b111sat1on and tbe

a~a0U?1t

or loose oonneo t1ve t1stue aro.tm«
eemen toblan s 1 which we!"e qutte

the oaplll artee ha4 4ecreaaea.
IlU~erOUlt O'PIJO&ed d~mento1tl tissue 011 tbe

!'OOt IUrfac e.

'!'he l'•rtod oatal ltpme nt S'P&C• and the vea1n.bU1ar surfac e

of' the alveol ar irene ahowed acwe oomiect1va 1;1aau• change s. Ill
1l,
th~ i>eriocSoatal. lipm• nt sptoe, aollq'e n f'1bera . w1le abua~an
were disorie nted and Ul1organ1sea. The -per1oeteum showed sob111•
zat1cm ot reeerv e oe11• t:n the 1001• coU?uto•tve t1eaue arouad
newly tcf'tlled blood v•asel s. These cell~ prece4ed tbe d1fter en•
tiatl•n ot oeteob lasts and t1brob latta wn1ob l1ne4 the bon• ·

1urtao e.
At fourtee n daya the oonnect1ve tissue 1n the g1ng1val sone
deve1()t>ed into a more fibrous t1sa.ue .

set 1n

E-'l

wave1

Th1.ct! aollage noue f'ibert, ·

patter n, were seen through out the a.Nta.

tot.as
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slender stellate fibrobla sts with large pale staining nuclei were
aligned in a definite pattern between the new collagen fiber bundles.

Some polymor phonucle ar leucocy tes and histocy tes were pres-

ent at this time (Plate XIIJ, Fig. 18).
However , a degree of more advanced repair had taken place

i~

the connect ive tissue area of the supracr estal zone than in the
connecti ve tissue of the gingiva l zone. In the connecti ve tissue
attachm ent area of the supracr estal zone the young connecti ve tissue consiste d of dense collagen fiber bundles and relative ly few
fibrocy tes.

The fibrocy tes which were present stained quite dark

and appeared shrunken when compared to the cells of the gingiva l
zone. The collagen fiber bundles were oriented paralle l to the
root surface .
At eighteen days, the connect ive tissue of the supracr estal
zone showed some degree of maturity by exhibiti ng oriented , dense
bundles of collagen fibers.

This descrip tion is similar to that

of the tissue in the periodo ntal ligamen t space.

A gradual rate

of repair was seen relative to the region of the wound area with
less advanced repair in the superfi cial layers of the gingiva l
zone.

In the gingiva l zone few fibrobla sts were seen.

The devel-

oping collagen fiber bundles lagged behind that of the supracr estal zone in the repair process . However , the fibers were somewhat wavey and partly organize d, more charact eristic of young
connect ive tissue. In the periost ial portion of the alveola r
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zone, there was an aooum ulat!o n of blood veeuteta ana undif feren
tiate d reser ve cells which resul te., in the d1fte rent1 at1on and

prol1 ferat 1on of

d.

oeteo~lasts

(Plat e XIV,

~1g.

19).

csseo us T1asue
aa.

Oateo olas1 a

At Z$ro hour no oseeo us chang es were obeer ved 1n the alveo •
lar bone, howe ver, an tU"tt& of' looe• oo?meot1ve t1e•u • elf1ste~ •4•
jaoen t to the alveo lar oreet 1:n wbtoh en 1norea11e 1n tbe :numb&r
of large ligbt stain ing cells wee seen.
t cell•
At twen ty-ro ur hours , s number or mul t1nucleet~d g1an
were seen in the perioe!ont~l l1gamt9nt spaoe sdjao ent to th• bone.
Activ e bone resor ption was seen 1n the eoallo -ped conf', .gura tion
the boney fH&rt'aoe and in tbe marrow fJ't)eoea f'or the ti rst ts.me
follow 1ng eleot rosur gery.

The d1f'fe ?"ent iet1on

or

or

the mu1t !nuo1 •-

a•
ated giant cells ha4 taken t>lece in the oonn• ot1ve t\seu e edjao
to the bone (Plat e

r...r.

?1g. 20).

·
At forty -e1gh t heure , a large f'ooal acowa ulat1o ri of Ttoly110r•

l)hon uclea r leuco c7tea oooured in the perio donta l 11pm ent apace
tion ttleo
tlt the coron al third or the root, TM !nfl.emft!atory reeto
weg a~re:nt 111 the sdjae ent bone marrow S'NiO ••• tn the oor\tt M•
tt•• t'·••u • ot the Yeet! b\alar eut'ta oe tbflt-e was a beg1ntt1ng ot
en
1.nore aeed cellu lar mob111z~t1o:n (~late VT1T, Ftg, 11). Betwe
:rorty -e1gh t hours to eight "eys

O$t~!u-'.>o1e.~tt e

aet!.v 1 ty •ti!>ee red to

be at 1ts h1ghe at degre.., and deol!: nea tb•n• e8f'te r.

Ot!Ureoua ohange1 •

were appa rent cmlJ on the 1)8r1odonta1 llpm ent •'P8o• s1d• ot the
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alve olar bone .

Oateoclaat~e

activ ity was 11m1ted to the vestf bu-·

oa.
lar s1de and marrow •l'•e es afte r the forty -eig ht hour ))er1
d stan t
However, 1n the eigh teen de1 si>eo1raen, a few mult 1nuo leate
on
oelle were a•en in tbe conn ecttv e t1•au e adja cent to the bone
the per1 o4on tal l!pm ent spac e •!de

bb.

or

oste obla etic

aot~.v!, ty

••

1n the prol1 ferat 1ng, youn g corm eot1• e ti1eu e s4ja oect

to the bone .
porti ons

Pt.g. 21).

osteo geoe e1s

At eigh t days the t1 rst sign
d1.~play€:'1

(Plat~ X'\7!,

or

of the bone .

A m1n iu1 amoiint of

osteoi~

t1stu fl wat seen •lon g

the vest ibul ar a?ld l)&r1odonta1 ltgem ent

Oate ob1• ats i!lere

11!.)ar&ely

s~oe

eurtaGtH

place d alon g thes e

trJ:l"•

faoe e.
The grea test htt1ght or oateo b1as t1o aot1 v1tr was obse rve«
both
at e1gh teen days . Thia ocoured alon g the alve olar orea t or
• qui h
surra oee and bone mrro w .,,ac ea. · osteo td tussu e, Wh1 oh •

eateo blaet 1 t
appa remt aloll g tbea e aurta oea., was l 1:ned w1 'bh nwaerous
The ores tal

~ort1ona

or

the veat 1bul ar surfa oe ot the

alveoL~~

4eta1 1ed S'f)ec 1al1z at1on of' tmma ture, oou.r ee. tibr1 •
osteo e,-te e
llar bone , lactd .ng lama llat1 on, 1n Wh1oh were 1mbttd<!ed

bone

showe~

(Pla te XIV, F1g. 19) ..

J.

Stage of Matunt1cm 21-98 DaJ8
Ep1t bel1 al Matu ratio n
Twenty-two daya afte r el.ea t!"os urger y, the

a.

matu rity when oonrpared w1th tha cont rol.

e-p1thel1~m

The oe11 s

or

1aok el

the r.ir1e ktt

JO
la lac ked the oha rao ter 1slay er appea!'ed ede ma tou s. and some oel
f'ao e lay ers st thi s tim e
t1o ~rlokle oel l ap1 '6ar ano e. The sur
X'/1!, ~ig. 22) .
ra1 led to show ker at1 n1z at1 on (Pl ate
Ep1 the l1a l Ker at1 n1z at1 on
the ker at1 n1z at1 on or
At twe nty -ei ght and fift y-s eve n day s
e:ratos1s
ple te, however, sev era l are as of' 'Pl\r&k
sa.

the sur fac e was com
f'ao e ep1 the ltum dev oid or
was obs erv ed. At no t1.me waa the sur
al and l'!'1 okl e cel l la;y en
oel ls wit h reta 1ne d nue le1 . Tbs bas
as. The t>:r-1okle oel l lay er
were we ll a1t ter ent 1at ed 1c some are
w1tbout any sig ns of dewas rat her narrow 1n oer ta1 n are aa, but
At n1n ety ....e1g ht day s, tbe
gen era tio n (Pl ate XV !!!, F1g . 23) .
ple tely ker at1 n1z ed, wb1oh
out er &t:>1tbel1al lay er was alm ost com
The cel l lay ers ma nif esev1denoed ma tur atio n cf the e~1tbelium.
the normal con tro lt howted an app ear anc e wh1ob corres\')onds to
1n the oon tro l, we!'f! m1sseve r, pigment gra nul es, so oonsl)\ouous
vta tio n, st1 pl1 ng was not
1ng . !n th1 a ~er1od or run ot1 ona l ada
obs erv ed.
Con neo t1v e Tis sue Ma tur atio n
eue 1n the g1n g1v al
At twe nty -tw o day s the oon nec t1v e t1s
us ty-pe of ttau aue . The ool ·
zon e had org ani zed int o a more f1b ero
b.

at1on oont1noua w1th the
lag en f1h er d1a~layed a dis tin ct 0~1ent
fib rob las ts wb1oh wer e sm all·
pre -ex isti ng col lag en bun dle e. The
ars ely alig ned bet wee n the
er, dar ker and few er 1n number wer e •ra
ture oon nec t1v e tis sue , was
lar ge col lag en f'ib er bun dle s. Tbe ma
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similar to that of the supraores tal and alveolar zones (Plate

XVII, Fig. 22).
At twenty-ei ght days there was a reorienta tion of the cellular and extra-cel lular component s of the connective tissue.
In the g1ng1val zone the collagen fiber bundles displayed a distinct orientatio n running between the ridges and at right angles
to the surface mucosa (Plate XVITI, Fig. 2J).

The collagen fib-

ers appeared to be perpendic ular to the root surface.

The fibro-

blasts which were few in number, were alligned along the long
axis of the collagen bundles.

!n

var~ous

areas of the alveolar

zone and supraores tal zone, accumulat ions of chronic inflammatory cells were seen between the maturing collagen fiber bundles.
At fifty-seve n and ninety-ei ght days, the oonneotiv e tissue,

while not identical with the control, was compatibl e with that of
mature connectiv e tissue.
c.

Osseous Reconstru ction

By twenty-tw o days, minimal cellular activity 1n the oonneo-

t1ve tissue adjacent to the bone was apparent.
tion was observed at the alveolar crest.

~ew

bone forma-

The new bone consisted

of immature, coarse, fibrillar bone tissue (Plate XIX, Fig. 24).
At twenty-ei ght days, evidence of resorption and apposition
of bone was observed in the orestal area and bone marrow to a
slight degree.
At fifty-seve n days there was evidence of osteoid tissue
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TISSUE REACTIONS IN WOUND HEALING
FOLLOWTNG ELECTROSURGERY

Saor1f 1oe

Degree of
!nflamm atory
Reaot1on

Epithel ial
Reaction

Degree or
Conneot1 ve
Tissue Beaot1on

Zero Hour

None

None

Severe

Time
of

Degree of'

24

Hours

M1n1mal

None

Severe

48

Hours

Severe

None

Severe

4

Days

Severe

Moderate

Moderate

8

Days

Moderat e

Severe

Moderate

14

Days

Moderate

Severe

Moderate

18

nays

Moderate

Severe

Moderate

22

Days

Minimal

Moderate

Moderate

28

Days

None

Moderate

Moderate

57

Days

None

Moderate

Minimal

98

Days

None

'Minimal

M1n1mal
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TISSUE BEACTIONS IN WOUND HEALING

FOLLOWING t:LECTROSURGERY
Degree of

Time

or

saor1f1oe

· zero Hour

osseous P:eeotion

csteoolast1o

Osteoblest1c

None

None

24

Hours

Moderate

None

48

Hours

Severe

None

4

n.ys

None

None

8

Days

Moderate

None

14 Deya

Moderate

None

18 Daya

Mic1mal

Severe

22

Daya

None

Moderate

28

Day&

Minimal

Moderate

57

Days

M1n1mal

Moderate

98

Days

M1n1ma1

Moderate
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T!SSUE

~EACT!ONS

TN WOUND HEAL!NO

FOLLOWING SCALPEL SURGERY

Time
of
Saor1f 1oe

Degree of
Inflamm atory
Beaot1on

Degree or
E-p1thel ial
neaotion

Degree or
Connect ive
Tissue 'Reaot1on

Zero Hour

Minimal

Mone

M1n1ma1

24

Hours

severe

Minimal

M1n1mal

48

Hours

Severe

Moderate

Moderate

4

Days

Severe

Severe

Moderate

8

Days

Moderate

Severe

Moderate

14 nays

Moderate

severe

Moderate

18 Days

Minimal

Moderate

MOderat e

Days

Minimal

Moderate

Moderate

28 Days

Minimal

M1n1ma1

Moderate

S?

Days

?'11n1ul

Minimal

Moderate

98

Days

M1tl1mal

M1n1mal

Moderate

22
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TISSUE EEACT!ONS TN WOUND HEALING
FOLLOWING SCALPEL SURGERY

Time
of
Sacr ifice

zero Hour

Degre e of
Osseo us Reac tion

Osteo olast1 o

Osteo blast1 0

None

None

24

Hours

Mode rate

None

48

Hours

Mode rate

None

4

Days

M1n1mal

Mode rate

8

Days

Mode rate

M1n1mal

14 Days

Mode rate

Minimal

18

Days

None

Mode rate

22

Days

None

Mode rate

28

Da;ys

None

M1n1mal

51 Days

None

M1n1mal

Days

None

Minimal

96

·.;.,·'
·:

DTSCUSS!ON

or

the wound surfac e follow ing eleotrorese ct1on and acal'P• l reaeot1 on are about the same; extend ing
from the rema1n1ng e-p1the l1al attachm ent to a point ool"Onal to
Cl1n1o a11y, the size

the muoog1ng1val junct1o n.

P'ollow1ng eleotro surg41n 'f the therma l

and trauma tic 1njur1 es caused coagul ation neoros 1s or the surfac e
muooea, deeper sup,.,ort1ng connec tive t1aaue , l)er1od ontal 11pmt nit.
and bone.

A lesser degree of 1.njury ooourre d 1.n t1esue resecte cl

with the -per1odcmtal kn1fe.
There 1s retard ation tn the Mt'Pf:'1r

or

the reaeote d g1ng1va

in dogs that are treated with eleotro aurg1o al device s when compared with resecti ons by the eca11)81. The ol1n1.o al aweara nae

of the wound at seven days follow ing acal~el surger y, shows th.It
coverin g of tbe surfac e with et:>1the11um ie comple te; wherea s the
eleotro surger y wound shows incomp lete ep1the l1zet1o n. groae 1n•
flammat1on and naoros 1s of the g1ng1v a. ?urtber more, at twentJ e1ght days, while the wound aurtao e la ooarple tely covered w1th
ep1thel 1um, tt still ehowa a1gn• or rednes s. and U'POn 'P8l'J)at1on,

reels •t>ODIY•
The eviden ce shows cl1n1ca 117 that tissue reaeote d bJ eleotrosurg ery lags beh1nd soalt>ttl surgery 1n the rel)llir ~rooeaa.
M1oroa oopioal ly there is e lag tn the proces s
37

or

aTYProx1mately
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1s oau aed by
It 1s pro bab le tha t the dela y in hea1 1ng
the abse nce of an 1mthe ear ly form atio n of neo rot! c tiss ue and
foll owi ng ele ctro sur
med 1at e bloo d clo t. The per iod ont al tiss ues
e rep air wil l be regery wil l reo rga nize and hea l, but eom plet

fou r day s.

tard ed.

pora ry bloo d
The fail ure of torm at1o n of an 1mmed1ate tem
eleo troa urg er7 and
olo t 1s due to the "hem osta t1o" effe cts or
1 1n re'!>ll1r. The
seems to be the pr1 nc1 ple cau se tor the dela
add 1t1o :nal nec ros is at
lack of a pro teot 1ng bloo d clo t res ults 1n
ry vas odi lat1 on aa 1•
the wound sur tso e. Inst ead of the nec essa
the re ts vas oco nstr 1oseen in the typ ioa l infl amm ator y reao t1o n,
d elem ents to 1n1 t1at e
t1on and a res ulta nt laok or vas cul ar bloo
are needed for the rethe neo esaa :ry 1nflammato?"Y rea ctio n, whioh
den udin g or the l)er 11>81r pro ces s to occ ur. The con sequ enc e or
l day s 1n the form atio n
phe ry or the wound shows a dela y of sev era
aot ual rep air can be
of a tesr pora ry fib rin oov erin e; bef ore the
ins titu ted .

1s much sho rter ,
In aoa lpel surg er7 , the resp ons e to inju ry
clo t foll owi ng the inpro bab ly due to the form atio n of a f1b r1n
sels dila te and beoome
flam mat ory reao t1o n. In 1ntl amm at1o n, ves
tiss ues wit h t1b r1n more perm eab le res ulti ng 1n floo din g of the
1nr eot1 on. The reoge n, whi ch, on coa gul atio n, help s to lim it
che mot ax1 s, a -prod:t.Jot
act ion ot poly mor pho nuo lear leuo ooy tes to
e 1t ena bles more
of 1nfl amm at1o n, is also adv anta geo us bec aus
rter t1m e. '.Phagooytoleuc ocy tes to reac h inju red t1ss ue 1n a sho
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sis of pa:rt1 oulat e matte r by -polymol'"l'honuclear 1.euoooytea ot particul ate matte r aids in the heali ng proce ss and there by speed s
re'Pf!1r. It 1s this early 1mpa1rment of the atorem ent1o ned reactions wh1oh reta!' ds the re-pa ir prooe aa

or

elect roeur gery teobn 1·

quea.

The denud ing effec t of the eleot roeur get'7 wotl'nd leave s the
sub3a eent conne ct1ve t1esu e unpro teote a, an~ open to possi ble invasio n by baote r1a and other 'P8rt ioula te matte r, thus oaua1ng
furth er damage to tbe tissu es.
The seve rity of in3Ul"f tollow 1ng eleot roaur gery 1• evide nt
l
in the fiber s of the conne ctive t1ssu e attach ment and perio donta
• cter.
chara
illar
t1br
the1r
lost
have
to
red
appea
lis1u aent, whtoh
Thia 1• due to the traum atic influ ence of the surge ry. Tn t'he
pro11 terat1 cm l)haae of repai r the great er exten t of' damage 11
demo nstrat ed b1 the 1nc:reaeed lengt h

ot

t1me :requ1!1'ed 111 reatta ch· ..

ment and regen eratio n to ooour as oompered to a relat ively rrpld
1._'P&ir toll0111ng scalp el •u.rge ry. The relat ive delay 1n oormeot1ve t1.eeue re'ptl1r 1• awro x1ma tel7 tour to esven days.,
'!'here 1• a laten t inflam mator y respo nse follow ing elect ro-surge ry due to the sea11.ng off or the blood vesse ls, sever e n••
croa1 a, an4 1ntec t1on1 coneequentl1 there 11 alao a retar ded
However, w1th1n a tew minu te• f'ollow1ng aoali> •l.
surge ey and aaor1 t101n g or the anim al, an earl.1 seali ng ot tb•
oorm eottv e ts.sau e from the oral cav1t J 1• med1atec! with a cloth

clot form ation .

4o

The clot consists of a f1br1n r«t1oulum or network into which al"e
enmeshed many polymorphonu cleer leucooytes.

There are.also rea

blood cells, debris of 1njured cells from the connective tissue,
and capillaries from the edge of the wound.

This matrix of clot-

ted element• occupied the wound area acting as a seel between the
oral oav1 ty and underlying oo.nnecti ve tissue by means of the fi-

brin network.

The space occupied by this clot is a break in the

surface and aubJaeent tissues, and 1 t 1.s into these erpaoes that
young ·repa1rat1ve connective tissue grows from the periphery,
penetrating the clot and

it.

re~lao1ng

Tt consists

or

advancing

arcades of cap1llar1es with prol1f'erat1n g fibroblasts and wandering phagocytes to remove debr.is.

Th1s organizing tissue later

becomes leas vascular and more f1broua.
One charaoter1st1 o

this t1me.

or

the epithelium must be stressed at

As evidenced 1n the findings. 1t 1s through and under

the f'1br1n portion of the olot that the elongated epithelial oell1
at the periphery of' the wound move.

Thus one of' the main causes

or delay in ep1the11al healing 1• the ex1stanoe of a supporting
tissue environment wh1oh 1s unsuitable for the progression of ep1.
thel1al cells.
lack

or

Related to the closure ot the wound surface is thi

m1grat1on of' the epithelial cell• during the forty-eight

hour period.

It 1s suggested that the lack of movement of the

cells 1s due to the lose of the fibrin olot and consequent exposure of the necrot1o underlying connective tissue.

In such a
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oase the labile epithel ial oells tend to rema1n stationa ry unt11
a more hydrated media, through wh1oh the cells may travel, 18
This f1nd1.ng agrees w1th those or Hartwel l, who reporta
that o.ne of the oh1ef factors determ1.n1ng the rate of advance of
an e~1thelial membrane 1s the type or base over which the oells

-present .

must t>rogres s.
Additio nal ev1deno e of delay 1n healing 1s that no m1tot1o
figures are seen 1n the ep1the11um near the wound until e1gbt
days followin g eleotroe urgery, whereas mitosis is seen 1n tour
days followin g scalpel surgery .
osseous changes , wh1.oh oeour followin g the two prooe4u res,
are due to the effects of' both methods of' instrum entation 1n
s-ptte or the f'aot that they are not ut111zed directly Ul)on the
However, the subsequ ent bone alterati ons followin g electrosurge ry are more severe and ~rolonged, when COfDT.'tared to bone

bone.

alterati ons followln g soalpel surgery .

The 1noresse d severity

and duration of bone aot1.v1ty 1s p?""obably due to the greater
1n1t1al 1nJury oaused by the phys1oa1 trauma of the wire -passing
through the tissues and the heat produced by the resistan ce or
the tissues . In the one procedu re, oateool asts are aot1ve one
to fourteen days;

and 1n the other, also one to fourteen days.

osteobl asts runot1on 1n the electros urgery study between eight
and twenty-two days, wh1le the soalpel study shows osteobla st1o
aot1v1ty from four to twenty-t wo days.

The duration of osteo-

elast ic activ ity 1n two prooe dures paral leled eaoh other , while
e
the osteo blast 1o aot1v 1ty varie d. It is known that osseo us t1sau
oan
has a very labil e equil ibriu m and the sl1gh est surfa ce traum a
rt
mani fest a resul tant resor ptive phenomenon. Evide nce in suppo
of the findi ngs was shown in Kling sburg and Butc her's paper 1n
wh1oh, by remov al of the surfa ce epith elium 1n the rat oral mucosa, they showed conco mitan t bone loss.
It 1s inter estin g to note that follow ing the two proce dures .
bone activ ity 1s fairl y well limit ed to the perio donta l ligam ent
space surfa ce of the alveo lar bone 1n the anter ior segm ents of
In areas of thick er bone, as in the poste rior segme nts
of the Jaw, bone activ ity ts almo st collll )letel y limit ed to the

the jaw.

vesti bular surfa ce of the bone.

CHAPTER VI
SUMMARY AND CONCLUSION
A routine g1ng1val reseo.tion wae performed on different seg ..

ments of the mouth in four adult dogs.

These procedures were per-

formed with either tbe electrosurg1 oal unit or the periodontal
knife.

The speQ1mens were taken at zero hour, twenty-four hours,

forty-eight hours, four days, eight days, fourteen days, eighteen
days, twenty-eight days, fifty-seven da7s and ninety-eight days
after surgery.

The specimens were seot1oned and stained with hem.

atoxylin and eos1n and studied h1stolog1oal ly.

Care was taken

not to unduly traumatize the wound or to penetrate the oonneot1ve

tissue attachment.

The extent of the wound 1nd1oated that heal-

ing would be by secondary 1ntent1on.
l. Following reseot1on

or

the

gi~1val

muoosa with the eleo.

trosurg1cal device, a lag period of tour days was seen before the
repair process was started.

The repair process f9llow1ng electro.

surgery persisted for a much longer time, when conrpared with the

periodontal knife.
2. Formation of a necrotic tissue layer ocoured on the surface of the wound almost immediately following eleotrosurge ry,

and only minimal bleeding was present at the wound site.

Thus,

early delay 1n wound healing is caused by the presence of neoro43

44

tic tissu e and the abse nce of a blood olot .
J. Therm al traum a cause d a delay in the infla mma tory resels. This
pons e due to the "hem ostat 1c" effe ots on the blood vess
of red
laten t vasc ular respo nse cause d a laok of ava1 lab11 1ty
mate rial,
blood oell a, polym orph onuc lear leuc ooyt es, and f1br1 nous
there by caus ing a delay in wound heal ing.
Slou ghing of the necr otio olot at forty -eig ht hour s left

4.

ee o~ damthe wound surfa ce unpr otect ed and cause d a grea ter degr
unt.>roteoted
age to the tissu es due to cont inua l irrit atio n of the

wound surfa oe.

5. Ther e was a more seve re and grea ter degr ee of bone injur 3
ery as was
follo wing elect rosu rgery when compared with scalp el surg
osteo 1nd1 oated by the incre ase in the number or oste oela sts and
v1ty . Reblas ta in actio n durin g thei r resp eotiv e time s of aot1
y oause d an
lated to the degr ee of damage or traum a, elec trosu rger
incre ase 1n the dura tion of reoo nstru ot1o n or bone .
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?1gure 14

Photom1crogrs h of 8 day elaotrosurgery specimen left maxillary posterior a ea.

(X400)

1) Tooth surface

2) Complete bridging of epithelium across wound

3) !nflammatory reaction in connective tissue
4) Dilated blood vessels

Figure 15
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1gher magnification
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1) Complete bridging of epithelium cover ng former

wound area

2) Infla mma tor y reaction in connective tissue

3) Migration of polymorphonuclear leucocytes through
epithelial cell layers
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PLATE X.XIV
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Diagrammatic illustration of notch on tooth surface
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2) Gingival zone

3) Supracrestal zone

0

4) Alveolar zone
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